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Natural  Gas  Sectional  Committee,  PCD  24 


NATIONAL  FOREWORD 

This  Indian  Standard  (Part  1 )  which  is  identical  with  ISO  6974-1 :  2000  'Natural  gas  —  Determination  of 
composition  with  defined  uncertainty  by  gas  chromatography  -  Part  1 :  Guidelines  for  tailored  analysis' 
issued  by  the  International  Organization  for  Standardization  (ISO)  was  adopted  by  the  Bureau  of  Indian 
Standards  on  the  recommendation  of  the  Natural  Gas  Sectional  Committee  and  approval  of  the 
Petroleum,  Coal  and  Related  Products  Division  Council. 

The  text  of  ISO  Standard  has  been  proposed  to  be  approved  as  suitable  for  publication  as  Indian 
Standard  without  deviations.  Certain  conventions  are,  however,  not  identical  to  those  used  in  Indian 
Standards.  Attention  is  particularly  drawn  to  the  following: 

a)  Wherever  the  words  'International  Standard'  appear  referring  to  this  standard,  they  should 
be  read  as  Indian  Standard'. 

b)  Comma  (,)  has  been  used  as  a  decimal  marker  while  in  Indian  Standards,  the  current 
practice  is  to  use  a  point  (.)  as  the  decimal  marker. 

In  this  adopted  standard,  reference  appears  to  certain  International  Standards  for  which  Indian  Standards 
also  exist.  The  corresponding  Indian  Standards,  which  are  to  be  substituted  in  their  place,  are  given 
below  along  with  their  degree  of  equivalence  for  the  editions  indicated.  However,  that  International 
Standard  cross  referred  in  this  adopted  ISO  Standard  which  has  subsequently  been  revised,  position 
is  respect  of  latest  ISO  Standard  has  been  given  below: 


International 
Standard 

ISO  6974-2  :  2000  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy —  Part  2  :  Measuring-system 
characteristics  and  statistics  for  data 
treatment 

ISO  6974-3  :  2000  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy —  Part  3 :  Determination  of 
hydrogen,  helium,  oxygen,  nitrogen, 
carbon  dioxide  and  hydrocarbons  up  to 
C8  using  two  packed  columns 

ISO  6974-4  :  2000  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy —  Part  4 :  Determination  of 
nitrogen,  carbon  dioxide  and  C,  to  C5 
and  C6+  hydrocarbons  for  a  laboratory 
and  on-line  measuring  system  using 
two  columns 

ISO  6974-5  :  2000  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy —  Part  5 :  Determination  of 
nitrogen,  carbon  dioxide  and  C,  to  C5 
and  C6+  hydrocarbons  for  a  laboratory 
and  on-line  application  using  three 
columns 


Corresponding 
Indian  Standard 

IS  15130  (Part  2) :  2002  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy: Part  2  Measuring-system 
characteristics  and  statistics  for  data 
treatment 

IS  15130  (Part  3) :  2002  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy: Part  3  Determination  of 
hydrogen,  helium,  oxygen,  nitrogen, 
carbon  dioxide  and  hydrocarbons  up  to 
C8  using  two  packed  columns 

IS  15130  (Part  4)  :  2002  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy: Part  4  Determination  of 
nitrogen,  carbon  dioxide  and  C,  to  C5 
and  C^  hydrocarbons  for  a  laboratory 
and  on-line  measuring  system  using 
two  columns 

IS  15130  (Part  5) :  2002  Natural  gas  — 
Determination  of  composition  with 
defined  uncertainty  by  gas  chromato- 
graphy: Part  5  Determination  of 
nitrogen,  carbon  dioxide  and  C,  to  C5 
and  C^  hydrocarbons  for  a  laboratory 


Degree  of 
Equivalence 

Identical 


do 


do 


do 


and    on-line 
columns 


application    using    three 
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Indian  Standard 

NATURAL  GAS  —  DETERMINATION  OF 

COMPOSITION  WITH  DEFINED  UNCERTAINTY 

BY  GAS  CHROMATOGRAPHY 

PART  1   GUIDELINES  FOR  TAILORED  ANALYSIS 


1      Scope 

This  part  of  ISO  6974  gives  guidelines  for  the  quantitative  analysis  of  natural-gas-containing  constituents  within  the 
application  ranges  given  in  Table  1 . 

Individual  methods,  as  described  in  part  3  and  subsequent  parts  of  ISO  6974,  may  have  more  restricted  application 
ranges  than  those  in  Table  1 ,  but  in  all  cases  they  will  fall  within  this  overall  scope  of  the  ranges  given. 


Table  1  —  Application  ranges 

Component 

Mole  fraction  range 

% 

Hydrogen 

0,001    to  0,5 

Helium 

0,001   to  0,5 

Oxygen 

0,001    to  5 

Nitrogen 

0,001    to  60 

Carbon  dioxide 

0,001   to  35 

Methane 

40  to  100 

Ethane 

0,02  to  15 

Propane 

0,001    to  25 

Butanes 

0,000  1    to  5 

Pentanes 

0,0001    to  1 

Hexanes  and  heavier 

0,000  1    to  0,5 

2     Normative  references 

The  following  normative  documents  contain  provisions  which,  through  reference  in  this  text,  constitute  provisions  of 
this  part  of  ISO  6974.  For  dated  references,  subsequent  amendments  to,  or  revisions  of,  any  of  these  publications 
do  not  apply.  However,  parties  to  agreements  based  on  this  part  of  ISO  6974  are  encouraged  to  investigate  the 
possibility  of  applying  the  most  recent  editions  of  the  normative  documents  indicated  below.  For  undated 
references,  the  latest  edition  of  the  normative  document  referred  to  applies.  Members  of  ISO  and  IEC  maintain 
registers  of  currently  valid  International  Standards. 

ISO  6974-2,  Natural  gas  —  Determination  of  composition  with  defined  uncertainty  by  gas  chromatography  — 
Part  2:  Measuring-system  characteristics  and  statistics  for  data  treatment 

ISO  6974-3,  Natural  gas  —  Determination  of  composition  with  defined  uncertainty  by  gas  chromatography  — 
Part  3:  Determination  of  hydrogen,  helium,  oxygen,  nitrogen,  carbon  dioxide  and  hydrocarbons  up  to  C$  using  two 
packed  columns. 
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ISO  6974-4,  Natural  gas  —  Determination  of  composition  with  defined  uncertainty  by  gas  chromatography  — 
Part  4:  Determination  of  nitrogen,  carbon  dioxide  and  C1  to  C5  and  C6+  hydrocarbons  for  a  laboratory  and  on-line 
measuring  system  using  two  columns. 

ISO  6974-5,  Natural  gas  —  Determination  of  composition  with  defined  uncertainty  by  gas  chromatography  — 
Part  5:  Determination  of  nitrogen,  carbon  dioxide  and  C^  to  C5  and  C6+  hydrocarbons  for  a  laboratory  and  on-line 
process  application  using  three  columns. 

ISO  6974-6,  Natural  gas  —  Determination  of  composition  with  defined  uncertainty  by  gas  chromatography  — 
Part  6:  Determination  of  hydrogen,  helium,  oxygen,  nitrogen,  carbon  dioxide  and  hydrocarbons  up  to  C8  using  three 
capillary  columns. 

ISO  6975,  Natural  gas  —  Extended  analysis  —  Gas-chromatographic  method. 

ISO  1 071 5,  Natural  gas  —  Sampling  guidelines. 

3     Terms  and  definitions 

For  the  purposes  of  this  part  of  ISO  6974,  the  following  terms  and  definitions  apply. 

3.1 
response 

output  signal  of  the  measuring  system  for  a  component  that  is  measured  as  peak  area  or  peak  height,  expressed  in 
counts 

3.2 

reference  component 

component  present  in  a  working-reference  gas  mixture  (WRM)  (see  3.9),  which  is  used  to  calibrate  the  analyser 
response  to  other,  similar  components  in  the  sample  which  are  not  themselves  present  in  the  working-reference 
gas  mixture 

NOTE  For  example,  if  the  WRM  contains  hydrocarbons  up  to  and  including  rvbutane,  but  no  pentanes  or  higher,  then 

n-butane  contained  in  the  WRM  can  be  used  as  a  reference  component  for  the  quantification  of  pentanes  and  heavier 
components  in  the  sample.  The  reference  component  should  have  a  response  function  which  normally  is  a  first-order 
polynomial  with  zero  intercept,  i.e.  a  straight  line  through  the  origin. 

3.3 

relative  response  factor 

kj 

ratio  of  the  molar  amount  of  component ;  to  the  molar  amount  of  reference  component  which  gives  an  equal 
detector  response 

3.3.1 

relative  response  factor  for  flame  ionisation  detector  (FID) 

calculated  as  the  ratio  of  the  carbon  number  of  the  reference  component  to  the  carbon  number  of  the  sample 
component 

NOTE  The  values  of  the  relative  response  factors  are  described  in  ISO  6974-2. 

3.3.2 

relative  response  factor  for  thermal  conductivity  detector  (TCD) 

determined  using  reference  gas  mixtures  as  described  in  ISO  6974-2 

3.4 

other  components 

components  in  the  gas  sample  which  are  not  measured  by  tailored  analysis  in  accordance  with  ISO  6974  (all  parts) 
and/or  can  be  regarded  as  being  present  at  a  constant  mole  fraction 
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NOTE  The  mole  fraction  of  these  components,  except  methanol  and  sulfur,  can  be  determined  by  extended  analysis  in 

accordance  with  ISO  6975. 

3.5 

group  of  components 

components  with  mole  fractions  so  low  that  their  measurement  as  individuals  would  be  difficult  or  require  excessive 
time,  and  which  are  measured  as  a  group 

NOTE  This  can  be  achieved  by  particular  chromatographic  techniques,  such  as  backflushing,  or  by  data  handling,  such  as 

integrating  a  succession  of  components  as  if  they  were  a  single  component. 

3.6 
accuracy 

closeness  of  agreement  between  a  measurement  result  and  the  true  value  of  the  measurand 

NOTE  The  term  accuracy,  when  applied  to  a  set  of  measurement  results,  describes  a  combination  of  random  components 

and  a  common  systematic  error  or  bias  component. 

3.7 
uncertainty 

estimate  attached  to  a  measurement  result  which  characterizes  the  range  of  values  within  which  the  true  value  is 

asserted  to  lie 

NOTE  In  general,  the  uncertainty  of  measurements  comprises  many  components.  Some  of  these  components  may  be 

estimated  on  the  basis  of  statistical  distribution  of  the  results  of  series  of  measurements  and  can  be  characterized  by 
experimental  standard  deviation  (SD).  The  estimates  of  other  components  can  only  be  based  on  experience  or  other 

information. 

3.8 

certified-reference  gas  mixtures 

CRM 

mixtures  which  are  used  for  the  determination  of  the  response  curves  of  the  measuring  system 

NOTE  Certified-reference  gas  mixtures  may  be  prepared  gravi metrically  in  accordance  with  ISO  6142t1l  or  ISO  13275t2l  or 

certified  and  validated  by  comparison  with  primary  standard  gas  mixtures  of  closely  related  composition  in  accordance  with 
ISO  6143^  (see  ISO  14111^1). 

3.9 

working-reference  gas  mixtures 

WRM 

mixtures  which  are  used  as  working  standards  for  regular  calibration  of  the  measuring  system 

NOTE  Working-reference  gas  mixtures  may  be  prepared  by  a  gravimetric  method  in  accordance  with  ISO  6142^3  or 

certified  and  validated  by  comparison  with  CRM  of  closely  related  composition  in  accordance  with  ISO  6143t3]. 

3.10 

direct  measurement 

measurement  by  which  individual  components  and/or  groups  of  components  are  determined  by  comparison  with 
identical  components  in  the  working-reference  gas  mixture 

3.11 

indirect  measurement 

measurement  by  which  individual  components  and/or  groups  of  components  which  are  themselves  not  present  in 
the  working-reference  gas  mixture  are  determined  using  relative  response  factors  to  a  reference  component  in  the 
working-reference  gas  mixture 

3.12 
repeatability 

value  below  which  the  absolute  difference  between  two  single  measurement  results  obtained  using  the  same 
method,  on  identical  measurement  material,  by  the  same  operator,  using  the  same  apparatus,  in  the  same 
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laboratory,  within  a  short  interval  of  time,  (repeatability  conditions),  may  be  expected  to  lie  with  a  specified 
probability;  in  absence  of  other  indication  the  probability  is  95  % 

3.13 
control  gas 

high-pressure  gas  mixture  of  known  composition  containing  all  the  components  present  in  the  working-reference 
gas  mixture 

NOTE  1  A  control  gas  can  be  either  a  gas  sample  with  a  composition  determined  in  accordance  with  ISO  6143E3  or  a 
multicomponent  mixture  prepared  in  accordance  with  ISO  6142W  or  ISO  13275f2l  A  control  gas  is  used  to  calculate  the  mean 
(fu)  and  the  standard  deviation  (a)  of  component  mole  fractions  detected  for  the  preparation  of  the  relevant  control  charts. 

NOTE  2       For  on-line  analysis  the  working-reference  gas  mixture  may  be  used  as  a  control  gas. 

3.14 
working  range 

restricted  mole  fraction  range  within  the  application  range  of  Table  1 ,  that  is  specific  for  methods  of  tailored 
analysis 

4  Symbols  and  subscripts 

4.1  Symbols 

a^bj.Cy.dy      polynomial  constants  of  component,/ 

Kj  ratio  of  the  response  factor  of  component;'  to  the  response  factor  of  the  reference  component 

R  response  expressed  as  the  number  of  counts 

x  normalized  mole  fraction 

jc*  non-normalized  mole  fraction 

4.2  Subscripts 

c  air  contamination 

j  component; 

mc  main  components  to  be  analysed  using  direct  measurement 

oc  components  which  are  not  measured  and/or  can  be  regarded  as  being  present  at  a  constant  mole 

fraction 

rcwrm  reference  component  of  the  working-reference  gas  mixtures 

rrf  components  or  groups  of  components  to  be  analysed  using  indirect  measurement 

s  sample 

wrm  working-reference  gas  mixture 

5  Principles  of  analysis 

All  significant  components  or  groups  of  components  to  be  determined  in  a  gaseous  sample  are  physically 
separated  by  means  of  gas  chromatography  and  measured  by  comparison  with  calibration  data  obtained  under  the 
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same  set  of  conditions.  Therefore  the  calibration  gas(es)  and  the  gas  sample  shall  be  analysed  with  the  same 
measuring  system  under  the  same  set  of  conditions.  The  mole  fraction  of  non-measured  components  can  influence 
the  accuracy  of  the  method  and  shall  therefore  be  known. 

After  the  working  ranges  of  all  components  are  defined,  an  evaluation  shall  be  carried  out  to  define  which 
components  are  to  be  considered 

—  as  components  or  groups  of  components  to  be  analysed  using  direct  measurement  against  identical 
components  or  groups  in  the  working-reference  gas  mixture  (xmc), 

—  as  components  or  groups  of  components  to  be  analysed  using  indirect  measurement  against  a  different 
reference  component  in  the  working-reference  gas  mixture  (jcrrf),  and 

—  as  other  components  which  are  not  to  be  measured,  and  whose  mole  fraction  can  be  assumed  to  be  constant 
(*oc)- 

The  sum  of  the  mole  fractions  of  components  measured  directly  and  indirectly,  as  well  as  other  components  is 
equal  to  1  as  follows: 

^mc  +  *rrf  +  *oc  —  ' 


6  Materials 

6.1  Certified-reference  gas  mixture  (CRM),  consisting  of  components  the  mole  fractions  of  which  cover  the 
working  range  (see  10.2.1,  step  1)  and  which  are  used  for  the  determination  of  the  response  curve  of  the 
measuring  system. 

Depending  upon  the  working  range  and  the  accuracy  required,  more  than  one  CRM  may  be  needed. 

The  working  range  shall  not  necessarily  cover  the  whole  application  range  of  this  part  of  ISO  6974. 

6.2  Working-reference  gas  mixture  (WRM),  consisting  of  components,  the  mole  fractions  of  which  have  a 
value  situated  within  the  working  range  to  which  the  working  reference  applies. 

The  WRM  shall  contain  all  those  components  that  are  measured  by  direct  comparison. 

7  Apparatus 

7.1  Measurement  system,  comprising  a  sample  introduction  and  transfer  unit,  a  separation  unit,  a  detection 
unit,  an  integrator  and  a  data  reduction  system. 

Part  3  and  subsequent  parts  of  ISO  6974  give  different  configurations  of  laboratory  and  on-line  measuring  system 
which  have  been  found  to  be  suitable. 

NOTE  Annex  A  summarizes  the  comparative  characteristics  of  parts  3  to  6  of  ISO  6974. 
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8  Required  characteristics 

For  the  gas  sample  to  be  analysed  with  a  definable  level  of  uncertainty,  the  analytical  procedure  shall  satisfy  the 
following  characteristics: 

—  the  gas  to  be  analysed  shall  not  contain  hydrocarbon  condensate,  liquid  water  or  process  fluids  such  as 
methanol  and  glycols; 

—  the  described  method  is  not  intended  for  dense  phase  gases  whose  pressure  exceeds  the  cricondenbar1); 

—  the  working  range  is  to  be  established  and  shall  be  within  the  application  range  of  this  part  of  ISO  6974  (see 
Table  1); 

—  all  components  or  group  of  components,  in  the  gas  to  be  analysed,  whose  maximum  mole  fraction  may  be 
expected  to  exceed  a  mole  fraction  of  0,1  %  shall  be  measured; 

—  all  components  for  which  the  upper-limit  of  the  established  working  range  is  less  than  a  mole  fraction  of  1  % 
may  be  analysed  by  using  indirect  measurement  as  an  alternative  to  direct  measurement.  The  reference 
component  shall  be  present  in  the  working-reference  gas  mixture.  The  response  functions  of  the  reference 
component  and  of  sample  components  which  are  measured  relative  to  it  shall  be  linear  through  the  origin,  i.e. 
a  first-order  polynomial  with  zero  intercept.  The  procedure  for  determining  response  functions  is  described  in 
ISO  6974-2. 

9  Sampling 

Carry  out  representative  sampling  in  such  a  way  that  the  sample  represents  the  bulk  of  the  gas  at  the  time  of 
sampling.  Sampling  and  sample  transfer  shall  be  performed  in  accordance  with  ISO  10715. 

10  Analytical  procedure 

10.1  General 

The  analytical  procedure  consists  of  the  following  12  sequential  steps.  However,  the  completion  of  all  12  steps 
shall  normally  only  be  carried  out  in  special  cases  such  as  the  installation  of  new  measurement  systems.  For  other 
purposes,  steps  may  be  left  out  when  it  has  been  proven  that  this  does  not  influence  the  measurement  result. 

10.2  Sequential  steps 

10.2.1  Step  1  —Working  range 

The  working  range  can  be  defined  by  means  of  evaluation  of  historical  data  where  available.  This  should  be  based 
on  experience. 

The  working  range  can  also  be  determined  by  performing  extended  analysis  in  accordance  with  ISO  6975  of  a 
number  of  representative  samples  of  the  gas  to  be  analysed.  The  working  range  shall  then  be  determined  in 
relation  to  the  probable  variations  in  the  composition  of  the  gas  to  be  analysed. 


1 )    Cricondendbar  is  the  maximum  pressure  for  two-phase  conditions. 
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10.2.2  Step  2  —  Tailored  analysis  outline 

Outline  the  test  method  by  defining  the  following  aspects. 

—  Define  which  components  are  to  be  measured  directly. 

—  Define  which  components  are  to  be  measured  indirectly. 

—  Define  which  components  are  to  be  measured  as  groups. 

—  Define  which  components  are  not  to  be  measured. 

—  Decide  to  carry  out  a  backflush  or  not. 

—  Identify  interfering  components. 

10.2.3  Step  3  —  Equipment  and  working  conditions 

Select  the  equipment  and  the  working  conditions  required. 
Typical  examples  are  given  in  parts  3  to  6  of  ISO  6974. 

10.2.4  Step  4  —  Response  characteristics 

Calibrate  the  measurement  system  with  certified-reference  gas  mixtures  and  establish  the  calibration  curve  for 
each  component.  The  procedure  is  described  in  ISO  6974-2. 

The  established  response  functions  are  used  for  the  main  components  which  are  analysed  directly.  The  constants 
of  the  established  response  functions  and  their  variances  are  determined  in  accordance  with  ISO  6974-2. 

Define  the  composition  of  the  working-reference  gas  mixture(s). 

10.2.5  Step  5  —  Stability  of  the  system 

Measure  the  stability  of  the  measuring  system  within  its  calibration  period.  If  necessary,  the  calibration  frequencies 
can  be  adjusted  (see  10723^  for  further  information). 

Control  gas  introduction  shall  be  done  as  follows: 

—  purge  the  sample  valve  with  the  working-reference  gas  mixture  or  control  gas,  using  at  least  20  times  the 
volume  of  the  valve  and  associated  pipe  work; 

—  stop  the  purging  so  as  to  allow  the  gas  to  reach  the  temperature  of  the  valve  and  ambient  pressure; 

—  inject. 

10.2.6  Step  6  —  Relative  response  factors 

If  necessary,  define  or  determine  the  relative  response  factors  for  those  components  which  are  to  be  measured 
indirectly.  Where  a  group  of  components,  for  example  C6+,  are  measured  indirectly,  extended  analysis  in 
accordance  with  ISO  6975  of  a  typical  sample  shall  be  used  to  quantify  the  total  amount  of  Ce+  and  also  the 
reference  component,  for  example  C3  or  n-C4.  Subsequent  comparison  of  the  area  of  the  reference  component  and 
the  determined  response  of  the  group  of  components,  determined  by  tailored  analysis,  allows  the  relative  response 
factor  to  be  calculated. 

The  relative  response  factor  can  be  determined  in  accordance  with  ISO  6974-2. 

NOTE  Assuming  that  most  of  the  C&+.  fraction  can  be  attributed  to  hexanes  and  benzene,  the  relative  response  factor  of  C6 

can  be  taken  for  the  C^  fraction. 
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10.2.7  Step  7  —  Estimation  of  fraction  of  other  components 

From  historical  data  or  extended  analyses,  information  about  components  not  analysed  using  this  part  of  ISO  6974 
can  be  derived. 

For  the  calculation  method  see  1 1 .2.3. 

NOTE  The  composition  is  dependent  on  the  type  of  gas  processing  used  and  processing  time. 

10.2.8  Step  8  —  Calibration 

Perform  regular  calibration  using  the  working-reference  gas  mixture(s),  which  is  defined  in  10.2.4. 

10.2.9  Step  9  —  Sample  introduction 

Carry  out  the  sample  introduction  in  accordance  with  11.1. 

10.2.10  Step  10  —  Calculation  of  the  composition 

The  calculation  of  the  non-normalized  mole  fraction  shall  be  carried  out  for  the  direct  measured  components  and 
the  indirect  measured  components.  Carry  out  the  calculations  in  accordance  with  1 1 .2. 

10.2.11  Step  11  —  Normalization 

Since  a  number  of  components  are  estimated,  carry  out  the  normalization  in  accordance  with  1 1 .3. 

1 0.2.1 2  Step  1 2  —  Calculation  of  the  uncertainty  of  the  normalized  composition 

Carry  out  the  calculation  of  the  uncertainty  of  the  normalized  composition  in  accordance  with  ISO  6974-2. 

11   Methods  of  test 
11-1  Sample  introduction 

Purge  the  sample  valve  with  the  gas  sample  to  be  analysed,  using  at  least  20  times  the  volume  of  the  valve  and 
associated  pipe  work.  Stop  the  purging  so  as  to  allow  the  gas  to  reach  the  temperature  of  the  valve  and  the 
ambient  pressure.  Then  inject. 

Calculate  the  composition  of  the  gas  sample  in  accordance  with  1 1 .2. 

NOTE  Analysis  of  the  gas  sample  can  be  carried  out  in  accordance  with  ISO  6974-3  or  a  subsequent  part  of  ISO  6974, 

11.2  Calculation  of  non-normalized  mole  fractions 

11.2.1   Directly  measured  components 

Calculate  the  non-normalized  mole  fraction,  of  component ;  in  the  sample,  xjs,  using  the  instrument  response  to 
the  component  in  both  the  sample  and  the  working-reference  gas  mixture  and  the  known  mole  fraction  of  the 
component  in  the  working-reference  gas  mixture  using  equation  (1). 

Xj'S  a   /??        +b-fl?        +r/?-         +H.X*'''wrm  {  ' 
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where 

aj,bj,Cj,dj  are  polynomial  constants  of  component;  (for  the  determination  of  these  constants  see  ISO  6974-2); 

RjtS  is  the  instrument  response  to  the  component;  in  the  sample; 

fywrm  is  the  instrument  response  to  the  component;  in  the  working-reference  gas  mixture; 

*;,wrm  >s  the  known  mole  fraction  of  the  component;  in  the  working-reference  gas  mixture. 

NOTE  In  most  practical  circumstances,  a  single  point  calibration  is  sufficient.  Equation  (1)  may  then  be  simplified  as  the 

polynomial  constants  a,  b  and  the  intercept  (d)  are  considered  equal  to  zero. 

11.2.2  Indirectly  measured  components 

Calculate  the  non-normalized  mole  fraction  of  component;  in  the  sample,  jc*s,  which  can  be  indirectly  measured 
using  a  response  ratio  factor  according  to  equation  (2). 


R 


x 


7.S 


;.s 


~  Kj x  ^  x  *rcwrm  (2) 


where 


Kj  is  the  relative  response  factor  of  component;  with  respect  to  the  reference  component; 

Rj>s  is  the  instrument  response  to  the  component;  in  the  sample; 

^rcwrm  is  the  instrument  response  to  the  reference  component  in  the  working-reference  gas  mixture; 

*rcwrm  is  the  known  mole  fraction  of  the  reference  component  in  the  working-reference  gas  mixture. 

1 1 .2.3  Estimation  of  non-measured  components  (other  components) 

From  the  data  of  a  number  of  extended  analyses  or  historical  data  the  fraction  of  the  not  analysed  components  can 
be  estimated. 

By  comparing  the  data  from  tailored  analysis  and  extended  analysis  of  a  typical  gas  sample,  those  components 
which  are  missing  from  tailored  analysis  can  be  identified.  This  may  be  because  of  the  chromatographic  conditions 
(for  example,  helium,  which  is  used  as  a  carrier  gas)  or  the  range  (for  example,  tailored  analysis,  stopping  with  Ca, 
does  not  measure  traces  of  Cg  and  C-jq  hydrocarbons). 

Having  identified  the  component  not  analysed,  perform  several  repeated  extended  analyses  of  a  typical  gas 
sample,  and  record  the  mean  sum  of  those  components  as  x^. 
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11-3  Normalization 

Calculate  the  normalized  mole  fraction  of  component  j  in  the  sample,  XjtS,  using  equation  (3). 
Carry  out  the  normalization  as  follows: 


XJ>*   '  ~ 


i2_  x   (l-;4)  (3) 

where 

x]  s     is  the  non-normalized  mole  fraction  of  component  j  in  the  sample; 

x*oc     is  the  non-normalized  mole  fraction  of  components  not  measured  in  the  sample. 

12  Control  chart 

Use  control  charts  for  determining  whether  the  system  is  working  satisfactory.  The  use  of  control  charts  is 
described  in  the  informative  annex  B. 

13  Uncertainty  in  the  mole  fraction  of  the  normalized  components 

The  uncertainty  calculation  for  the  mole  fraction  of  the  normalized  components  is  described  in  ISO  6974-2. 
The  uncertainty  shall  satisfy  the  determined  values  in  accordance  with  ISO  6974-2. 

14  Test  report 

The  test  report  shall  include  the  following  information: 

a)  a  reference  to  the  appropriate  parts  of  ISO  6974  and  the  analytical  method  used; 

b)  the  sample  identification  including: 

—  time/date  of  sampling; 

—  sample  point  (location); 

—  cylinder  identification  (for  spot  sampling); 

c)  the  sample  composition  in  mole  fraction,  expressed  as  a  percentage,  including: 

—  normalized  sample  composition  to  the  nearest  0,01  %  mole  fraction  or  to  the  number  of  digits  appropriate 
to  the  certificate  of  working-reference  gas  mixture  and  size  of  error  including  the  result  of  uncertainty 
calculation  and  application  range  (see  clause  1); 

d)  any  comments  as  follows: 

—  any  identification  and  correction  made  for  contamination  by  air  or  other  gases; 

—  any  deviation  from  specified  procedure; 
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—  any  problems  concerning  the  sample; 

e)  the  date  of  analysis,  name  of  laboratory  and  signature  of  the  analyst; 

f)  a  reference  to  a  report  containing  the  most  recent  test  data  on  stability  and  response  for  the  measuring 
system; 

g)  the  calibration  information  including: 

—  the  traceability  of  the  certified-reference  gas  mixtures  used  for  calibration; 

—  the  date  of  last  calibration  and  the  calibration  frequency; 

—  the  order  of  calibration  curves  and  number  of  CRM's  used  to  calculate  the  calibration  curves; 

—  a  reference  to  control  charts  used  to  validate  the  calibration  curve; 

—  the  composition  of  the  working  gas  mixture(s)  used  to  calculate  the  sample  composition. 
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Annex  A 

(informative) 

Comparative  characteristics  of  typical  analytical  methods, 
as  described  in  parts  3  to  6  of  ISO  6974 


Table  A.1 


Components  measured 

ISO  6974-3 

ISO  6974-4 

ISO  6974-5 

ISO  6974-6 

Helium 

X 

X 

Hydrogen 

X 

X 

Oxygen 

X 

X 

Nitrogen 

X 

X 

X 

X 

Carbon  dioxide 

X 

X 

X 

X 

Methane 

X 

X 

X 

X 

Propane 

X 

X 

X 

X 

iso-  Butane 

X 

X 

X 

X 

/>Butane 

X 

X 

X 

X 

neo-Pentane 

X 

X 

X 

X 

/so-Pentane 

X 

X 

X 

X 

n-Pentane 

X 

X 

X 

X 

Hexanes+ 

X 

X 

Total  C6 

X 

X 

Total  C7 

X 

X 

Total  C8 

X 

X 

Chromatographic  conditions 

No.  of  columns 

2 

2 

3 

3 

Column  temperature 

a)  35°Cto200°C 
at  15°C/min 

b)  30°Cto250°C 
at  30  °C/min 

Isothermal 

Isothermal 

a)  30°Cto120°C 
at  12°C/min 

b)  35°Cto240°C 
at  8  °C/min 

Carrier  gas 

a)  Helium 

b)  Argon 

Helium 

Helium 

a)  Argon 

b)  Nitrogen 

Detectors 

a)  TCDandFID 

b)  TCD 

TCD 

TCD 

a)  TCDandFID 

b)  FID 

Column  switching 

No 

Yes 

Yes 

Yes 

Analysis  time 

a)  44  min 

b)  24  min 

^  20  min 

7  to  12  min 

a)  43  min 

b)  40  min 

Cycle  time 

60  min 

^  20  min 

7  to  12  min 

55  min 

NOTE         The  indications  a)  and  b)  refer  to  distinct  parts  of  the  analytical  method. 
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Annex  B 

(informative) 

Use  of  control  charts 


B.1  Control  charts 

Inspection  of  the  calibration  data  can  give  an  indication  as  to  whether  the  equipment  and  the  methods  are  working 
satisfactorily.  However,  calibration  is  intended  to  define  the  instrument  response  to  the  components  present  in  the 
working-reference  gas  mixture,  and  it  is  therefore  inappropriate  to  use  this  same  data  to  test  the  method.  A  cylinder 
of  control  gas  of  known  composition,  which  is  a  typical  natural  gas  for  which  the  method  is  to  be  used,  is  required. 

The  control  gas  is  analysed  with  each  batch  of  samples.  Its  composition  is  unvarying,  and  so  its  result  can  be  used 
as  a  marker  as  to  whether  the  method  has  deteriorated,  or  the  calibration  shifted,  or  both.  Before  first  use,  the 
control  gas  is  analysed,  using  the  method  and  working  as  defined,  a  sufficient  number  of  times  (at  least  10)  for 
precision  data  to  be  calculated.  For  each  component  in  the  control  gas,  the  mean  mole  fraction  and  its  standard 
deviation  are  derived.  These  values  should  be  typical  of  those  that  would  be  expected  to  be  measured  for  this 
control  gas  on  subsequent  occasions. 

Assuming  that  the  analytical  results  for  the  control  gas  follow  the  normal  distribution,  68,3  %  of  any  set  of  repeat 
results  should  fall  within  ±  1  SD  (standard  deviation)  of  the  mean  value,  95,4%  should  fall  within  ±2SD  and 
99,7  %  should  fall  within  ±3  SD.  In  other  words,  while  the  system  is  behaving  normally,  an  individual  result  on  the 
control  gas  would  fall  outside  ±  3  SD  on  only  3  occasions  out  of  1  000.  This  is  sufficiently  rare  that  such  a  result  can 
be  regarded  as  representing  a  real  change  either  to  the  method,  or  to  the  calibration,  which  requires  remedial 
action  to  be  taken;  the  control  gas  is  assumed  to  be  stable,  and  not  giving  rise  to  false  indications. 

Any  individual  result  may  fall  outside  +  2  SD  on  1  occasion  out  of  20.  Such  a  result  should  be  seen  as  a  warning, 
not  requiring  action  unless  the  next  result  also  exceeds  this  limit. 

B.2  Use  of  control  charts 

For  each  component  in  the  control  gas,  a  control  chart  is  constructed  with  the  mean  value  for  the  component  and 
mole  fractions  representing  the  mean  ±2SD  and  the  mean  ±3SD  marked  on  the  y-axis.  Lines  parallel  to  the 
x-axis  are  drawn  from  these  points.  Each  time  that  the  control  gas  is  analysed,  the  value  is  plotted,  using  the  x-axis 
as  a  time  scale. 

If  it  is  known  that  the  standard  deviation  for  a  component  varies  with  the  mole  fraction,  and  that  the  range  of  mole 
fractions  likely  to  be  encountered  is  sufficiently  wide  for  these  variations  to  be  significant,  it  may  be  advisable  to 
have  two  control  charts  for  such  a  component,  representing  the  system  behaviour  to  control  gases  of  different 
compositions. 

The  plotted  values  from  each  analysis  of  the  control  gas  are  compared  with  the  mean  value  and  the  ±  2  SD  and 
±  3  SD  lines.  Figure  B.1  shows  a  typical  example,  for  a  mole  fraction  of  nitrogen  of  about  2,5  %.  This  shows  relatively 
little  scatter  around  the  mean  value,  and  gives  reassurance  that  the  measurement  of  this  component  is  satisfactory. 

If  individual  results  fall  outside  the  warning  limits  ±  2  SD  more  than  just  occasionally,  this  can  indicate  that  either 

—  there  is  a  systematic  tendency  for  results  to  be  too  high  or  low  (provided  that  only  the  upper  or  the  lower 
warning  limit,  respectively,  has  been  crossed),  or 

—  the  random  error  for  measurement  of  that  component  has  increased  (provided  that  both  warning  limits  are 
crossed  randomly). 
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Figure  B.2  shows  a  control  chart  for  carbon  dioxide.  Results  for  the  first  few  days  remain  close  to  the  mean,  but 
then  show  a  clear  drift  downwards.  Although  the  limit  of  -  3  SD  has  not  been  exceeded,  this  clearly  suggests  that 
some  systematic  error  is  creeping  in,  allowing  underestimation  of  the  carbon  dioxide. 

Figure  B.3  illustrates  an  increased  random  error  in  ethane  measurement.  Days  5  to  8  appear  normal,  but  from 
days  9  to  13  much  greater  but  non-systematic  variations  occur.  Once  again,  no  single  result  exceeds  ±  3  SD,  but 
some  attention  to  the  method  is  clearly  required. 

The  initial  limit  values  selected  are  the  result  of  a  single  repeatability  measurement  before  the  chart  is  drawn  up. 
More  information  becomes  available  as  the  chart  is  used,  and  it  is  reasonable  to  redraw  these  limits  after,  for 
example  25  or  50  data  points  have  been  collected.  This  assumes,  of  course,  that  the  method  has  remained  stable. 
Data  which  is  clearly  indicating  some  fault  should  not  be  used  to  revise  the  control  limits. 
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Figure  B.1  —  Control  chart  —  Typical  example  for  nitrogen 
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Figure  B.2  —  Control  chart  —  Typical  example  for  carbon  dioxide 
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Figure  B.3  —  Control  chart  —  Typical  example  for  ethane 
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The  Technical  Committee  responsible  for  the  preparation  of  this  standard  will  review  the  provisions  of 
the  ISO  6975  and  ISO  10715  and  will  decide  whether  they  are  acceptable  for  use  in  conjunction  with 
this  standard. 

In  reporting  the  results  of  a  test  or  analysis  made  in  accordance  with  this  standard,  if  the  final  value, 
observed  or  calculated,  is  to  be  rounded  off,  it  shall  be  done  in  accordance  with  IS  2  :  1960  'Rules  for 
rounding  off  numerical  values  (revised)'. 
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